INTRODUCTION
============

Online education is transforming the landscape of American higher education. From 2000 to 2008, the percentage of students taking at least one online course increased from 8 to 20% ([@B52]), and by 2012, this statistic had increased to 33.5% ([@B3]). College and university faculty and administrators project continued growth in online offerings into the future ([@B31]; [@B4]).

Several factors appear to be driving this growth. Online courses are popular with college and university administrators, because they can decrease operating costs. For example, an institution lacking funds to build more classrooms and/or parking facilities to accommodate growing enrollments can meet the demand with online courses ([@B26]; [@B17]; [@B36]; [@B16]). Online learning can also reduce the cost of running a course ([@B62]; [@B63]). Additionally, since the current supply of online courses is a diverse market, and students are shopping around for courses offered by thousands of institutions ([@B26]), increasing online course and program offerings can open an institution up to new student populations and increase enrollments ([@B40]; [@B16]). Conversely, not offering online courses could drive students into other institutions' online courses, thereby decreasing an institution's enrollment ([@B26]). Finally, strong student demand appears to be driving growth for online education. According to [@B20], 53% of people who claimed they were interested in pursuing postsecondary education in the next 3 years indicated their preferred mode of delivery would be totally online or an equal balance between online and on-campus instruction.

It is important to meet student demands for online courses. Online learning is more convenient for some students and makes accessing higher education a possibility for others, as it creates educational opportunities that are free of time and geographic constraints ([@B22]). Additionally, the typical online student population includes higher than average percentages of nontraditional students, women, and minorities ([@B53]). Thus, online offerings help institutions attract and educate a more diverse student population.

Not all types of academic institutions are embracing online education equally. Currently, students attending public institutions are more than twice as likely as students at private colleges to be taking some of their courses online ([@B24]). Among the private colleges, online enrollments increased dramatically at nonprofit institutions while declining sharply at for-profit institutions from 2012 to 2013 ([@B5]). This suggests that future demand for online courses will be met by public institutions and, increasingly, by private nonprofit institutions. There also appears to be a positive relationship between the size of an institution and the likelihood that it offers online courses ([@B48]). While nearly all institutions with more than 15,000 students offer online courses, approximately one-third of those with fewer than 1500 students do not offer any online courses ([@B4]).

Growth of online offerings has not been equal in all academic disciplines. Science, technology, engineering, and mathematics (STEM) students appear to have fewer online course and degree options than those studying other disciplines. During the 2007--2008 academic year, students enrolled in natural science, mathematics, and agriculture programs of study were 30% less likely to be taking an online course and 75% less likely to be enrolled in an online degree program than their peers in other disciplines ([@B52]). In 2007, online programs in engineering were only offered at 16% of American colleges and universities, whereas programs in psychology and business were nearly twice as common ([@B2]). Given high student demand for online learning and unique demographics of online students, national efforts to increase the number of STEM graduates ([@B41]) and promote diversity within STEM disciplines ([@B41]) may benefit from increased online STEM offerings.

Laboratories are a common barrier to offering STEM classes online ([@B30]; [@B27]). Several alternatives exist to overcome this obstacle, including: online virtual or simulated laboratories; laboratory videos; and hands-on distance activities such as kitchen laboratories, in which students set up and conduct experiments at home using household items, or laboratory kit activities, which are mailed to students and include equipment, materials, and protocols that more closely mirror traditional laboratory experiences. Each of these options has drawbacks. Although virtual laboratories can be useful in many educational contexts, they do not provide students with the same tactile experiences and opportunities to learn discipline-specific techniques and operate related equipment. Furthermore, organizations such as the American Chemical Society (ACS) and the National Science Teacher's Association (NSTA) do not consider virtual laboratories equivalent to traditional laboratory experiences ([@B46]; [@B7], [@B8]). Kitchen laboratories and laboratory kits may cost students more than the laboratory fees they would pay in face-to-face courses and introduce safety and liability issues ([@B27]). Additionally, some argue that, due to equipment and materials cost and safety limitations, many of the hands-on distance laboratory activities lack the rigor of traditional experiments and can be useful only for illustrating certain processes ([@B55]; [@B35]; [@B27]). Students have noted that distance hands-on activities take more time to complete ([@B35]), which may be due to the lack of student-to-student interaction and the absence of an instructor for guidance ([@B29]).

Hybrid courses offer a solution in which students can fulfill the laboratory requirement of science courses face-to-face while engaging with other course content online. It is unclear, however, how frequently this option is available to science students. Hybrid courses, those that include between 30 and 79% online delivery, are not as common as fully online courses, in which more than 80% of the content is delivered online ([@B2]); while 45.9% of undergraduate institutions offered at least one hybrid course, 55.3% offered at least one fully online course in 2004 ([@B6]). Hybrid courses may be less appealing to administrators and students, because their face-to-face class requirements may limit student enrollment.

One of the major goals of my research was to document online course options in biology, as this information is not available. A search of Peterson's Online Schools database revealed that only 15 American institutions offered online undergraduate degrees in biology ([@B49]). Although online biology program options are limited, a higher than average percent of students studying in healthcare fields take online courses ([@B52]). Thus, healthcare program prerequisites or requirements may be a significant portion of the online offerings in biology, although this has not been documented.

A distinction among biology courses offered at many colleges and universities is whether those courses are geared toward nonmajors who need to fulfill general education requirements or students majoring in biology. Nonmajors biology courses may be the only academic exposure a student has to a scientific discipline and, as a result, are typically more focused on promoting general scientific literacy and highlighting the social relevance and application of scientific knowledge ([@B61]; [@B65]). Appealing courses offered primarily for nonmajors can also help biology departments increase their student contact hours and can inspire students to declare the major ([@B32]). In contrast, courses offered for biology majors are generally part of an extended sequence of study within the discipline and include greater depth of coverage of discipline-specific content that prepares students for advanced study in biology ([@B61]; [@B32]). As a result of the differing emphases and goals of biology courses geared toward majors and nonmajors, their likelihoods of being offered online may differ, although this too has yet to be studied.

Knowing the current landscape of online offerings in biology can illustrate 1) how biology online offerings differ from the rates of online offerings in general; 2) which types of courses biology departments are having success offering; and 3) deficiencies in biology online offerings that may be barriers to student access. My goal was to create a baseline understanding of our current online offerings in biology at American colleges and universities. Specifically, I aimed to Document how the diversity and availability of online biology courses differ at different kinds of American colleges and universities, including 2-year public, 4-year public, and 4-year private institutions;Document which kinds (fully online vs. hybrid, majors vs. nonmajors, laboratory vs. nonlaboratory) of undergraduate biology courses American colleges and universities are offering online; andMake recommendations for growth in future online offerings in biology.

METHODS
=======

Data Collection
---------------

I generated comprehensive lists of 2-year public, 4-year public, and 4-year nonprofit, private (hereafter referred to as "4-year private" colleges) American colleges and universities using the National Center for Education Statistics (NCES) Integrated Post-Secondary Education Data System (IPEDS), which included 1020, 701, and 1596 institutions, respectively ([@B44]). Next, I used a random-number generator to randomly select 16 colleges and/or universities from each of the three categories. For the selected institutions, I searched the online course schedules for undergraduate offerings in biology or biological sciences in the Fall 2015 semester or quarter between August 20 and September 23, 2015. I repeated this selection process for the Spring 2016 semester or Winter and Spring quarters between February 26 and March 3, 2016. If the selected institution did not offer undergraduate courses in biology or biological sciences or if the course schedule was not available online, I randomly selected another institution from the list. I recorded the number and kinds of institutions that did not meet these criteria in Spring of 2016, but not Fall of 2015. For each institution surveyed, I estimated the full-time equivalent (FTE) undergraduate enrollment for academic year 2012--2013 using the IPEDS database.

When searching the course schedule for an institution, I noted the total number of unique undergraduate biology courses and number and titles of each unique undergraduate course offered online or hybrid in Fall of 2015 or Spring of 2016. When an institution listed lectures and corequisite laboratories separately, I counted these as one course. Aligned with [@B2] definitions of online versus hybrid courses described in the *Introduction*, I denoted online courses as those that were described as such and did not have regular class times and rooms. Hybrid courses were those that were noted as such or that had one component of the course listed as online but other components (e.g., laboratory sections) only offered face-to-face. I also denoted as hybrid courses those that were listed as online courses but had reduced regular meetings times compared with face-to-face courses. Additionally, I counted the total number of undergraduate biology sections offered and the number of biology undergraduate sections that were offered fully online or hybrid online, counting laboratory and lecture sections separately.

I documented additional information about the undergraduate courses that were being offered online or as hybrid-online courses. By reading the descriptions in the course catalogue, I determined whether the courses included laboratory components or were lecture-only credit hours. Additionally, I determined whether the courses were intended for biology majors or nonmajors. If the catalogue listing indicated the course was intended for biology majors, if it was listed as part of the institution's biology major, or if it required the institution's introductory biology course(s) for biology majors as a prerequisite, I counted the course as one for biology majors. Because they are often required as prerequisites for nursing programs and as part of healthcare-related degrees and certificates, I also deemed courses with variations on the following names as healthcare-related courses: human anatomy, human physiology, human anatomy and physiology, medical terminology, introduction to pharmacology, and microbiology.

Data Analysis
-------------

I calculated descriptive statistics about the enrollment size of the institutions in my sample, including the mean and range of FTE students. I examined the relationship between institutional size and online offerings for Fall 2015 and Spring 2016 separately by grouping the institutions sampled during each time period into four groups based on their 2012--2013 FTE student enrollment data (\<1500; 1500--4999; 5000--9999; and \>10,000 FTE undergraduate students) and then conducted 2 × 4 chi-square analyses to determine whether the proportions of institutions in each group, with and without online offerings, were the same. I then examined institutional size trends more closely for all of the institutions sampled that had online offerings in biology in Fall of 2015 and Spring of 2016. To determine whether there is a relationship between institution size and the number of all biology courses and sections offered (face-to-face, hybrid, and online), I conducted two simple linear regressions with size of the institution as the independent variable and number of biology courses and sections as dependent variables. I also conducted three simple linear regression analyses using institutional enrollment numbers as the independent variable and number of unique biology courses offered online (as an indication of online course variety), percent of total biology courses offered online (as an indication of the extent of online course offerings), and percent of total biology sections offered online (as an indication of online course availability) as dependent variables.

To examine relationships between the type of academic institution and online offerings, I counted the number of institutions in each of my three categories that offered at least one online or hybrid course and the number that offered only face-to-face biology courses. I then conducted chi-square tests on the Fall 2015 and Spring 2016 data separately to compare the proportions of 2-year, 4-year public, and 4-year private institutions that offered at least one online or hybrid biology course. To compare difference in online course variety, extent of online course offerings, and availability of online sections, I counted the number of online courses and calculated the percent of online courses and percent of online sections offered at 2-year, 4-year public, and 4-year private institutions. Because the Fall 2015 and Spring 2016 data failed two of the assumptions of the analysis of variance test---homogeneity of variance and normal distribution of data---I used the Kruskal-Wallis test to compare their distributions between institution types. When the Kruskal-Wallis generated a *p* value \<0.05, I conducted pairwise comparisons between all groups, using Wilcoxon rank-sum tests with Bonferroni-corrected *p* values as my critical value. I also conducted Wilcoxon rank-sum tests to determine whether there were differences in the number of courses, percent of courses, and percent of sections offered online at 2-year public institutions in Fall 2015 versus Spring 2016 and repeated these analyses separately for 4-year public and private institutions.

To analyze the course data, I pooled all of the course-level data collected from the three types of institutions over the academic year. I then counted the number of courses offered fully online, only as hybrids, for biology majors, for nonmajors, for healthcare professionals, with laboratories, and without laboratories and calculated the associated proportions. Finally, I calculated the proportion of courses that fit into each of the following categories: hybrid lab courses for majors, hybrid lab courses for nonmajors, hybrid nonlaboratory course for majors, hybrid nonlaboratory course for nonmajors, online lab courses for majors, online lab courses for nonmajors, online nonlaboratory courses for majors, and online nonlaboratory courses for nonmajors.

I used R ([@B54]) to calculate the summary and inferential statistics and Microsoft Excel to generate figures. I used alpha = 0.05 as the critical *p* value for all statistical tests and have reported means ± 1 SE.

RESULTS
=======

I surveyed the course schedules of 96 American institutions of higher education, 48 from Fall 2015 and 48 from Spring 2016. There were many more 4-year private institutions that did not meet my sampling criteria. For example, I had to examine the Spring 2016 offerings of 33 4-year private institutions to find 16 that had offerings in biology or biological sciences and displayed their course schedule online. In contrast, I was able to find 16 suitable 2- and 4-year public institutions by sampling 17 and 19 institutions, respectively. Of 69 institutions I randomly selected for sampling in Spring 2016, 5.8% were excluded, because their schedules were not available online, while closer to 25% were excluded, because they did not offer biology courses (e.g., seminaries and schools of art and design). The institutions sampled ranged in size from 66 to more than 32,000 FTE students in 2012--13, with the mean size of institutions sampled being 5271 ± 886 and 5115 ± 738 FTE students in the Fall and Spring, respectively.

I found no evidence of relationships between an institution's enrollment size and its online offerings. Enrollment data were unavailable for one of the institutions I sampled, thus the chi-square analyses described below include 47 institutions sampled in Fall and 48 sampled in Spring. The percentage of institutions with less than 1500, between 1500 and 4999, between 5000 and 9999, and more than 10,000 FTE students offering at least one online biology course varied between 38.46 and 66.67% in the Fall semester and 38.46 and 80.00% in the Spring semester ([Figure 1](#F1){ref-type="fig"}). Chi-square analyses showed, however, that there was no relationship between the size class of an institution and whether that institution offered any online courses in biology in the Fall (χ^2^ = 1.73; *p* = 0.63; *df* = 3) or Spring (χ^2^ = 3.90; *p* = 0.27; *df* = 3). Of the 50 institutions in my combined academic year sample that offered at least one online or hybrid course in biology, I found the expected positive relationships between the number of FTE students and total number of biology courses (*R*^2^ = 0.26; *p* \< 0.001) and sections (*R*^2^ = 0.44; *p* \< 0.001) offered. However, among the same 50 institutions, there was no statistically significant relationship between the number of FTE students and 1) the number of online or hybrid biology courses (*R*^2^ = 0.001; *p* = 0.80) and sections (*R*^2^ = 0.03; *p* = 0.27); 2) the percent of their biology courses offered fully online or hybrid (*R*^2^ = 0.02; *p* = 0.27); and (3) the percent of their biology sections offered online or hybrid (*R*^2^ = 0.05; *p* = 0.11).

![Percent of academic institutions offering at least one online or hybrid course in biology during the Fall of 2015 and Spring of 2016 by institution size class, determined by the number of FTE students.](ar58fig1){#F1}

I did, however, find strong differences between the online offerings at 2-year public, 4-year public, and 4-year private schools. In Fall of 2015, a high proportion, nearly 0.9 of 2-year public institutions surveyed, offered at least one fully online or hybrid class in biology. The same was true of fewer than half of 4-year public and one-quarter of 4-year private institutions ([Figure 2](#F2){ref-type="fig"}). In the Spring of 2016, the results were similar, with more than 0.8 of the 2-year public institutions offering online biology courses, while the same was true of fewer than half of the 4-year institutions surveyed ([Figure 2](#F2){ref-type="fig"}). Chi-square analysis showed a significant difference between these proportions in the Fall (χ^2^ = 13.19; *p* = 0.001; *df* = 2) and Spring (χ^2^ = 8.68; *p* = 0.01; *df* = 2), indicating strong differences in the availability of online biology course offerings by type of institution.

![Percent of 2-year public, 4-year public, and 4-year private academic institutions offering at least one online or hybrid course in biology during the Fall of 2015 and Spring of 2016.](ar58fig2){#F2}

My results comparing the numbers and percentages of biology courses offered online or hybrid indicate strong differences in the amount and extent of online offerings at the different types of academic institutions analyzed in the Fall of 2015 and Spring of 2016. With the average number of courses offered online at 2-year public, 4-year public, and 4-year private institutions being 3.69 ± 0.68, 0.94 ± 0.35, and 0.38 ± 0.20 in the Fall and 2.94 ± 0.67, 0.88 ± 0.30, and 0.44 ± 0.18 in the Spring, respectively ([Figure 3](#F3){ref-type="fig"}), 2-year institutions in my survey offered five times the mean number of online courses offered at 4-year institutions over the academic year. There were significant differences between the distributions of the numbers of courses offered at the different types of institutions surveyed in the Fall (Kruskal-Wallis χ^2^ = 18.92; *p* \< 0.001) and Spring (Kruskal-Wallis χ^2^ = 12.39; *p* = 0.002). Pairwise comparisons indicate significant differences in the distribution of numbers of biology online courses offered at 2- and 4-year public (Fall: *W* = 210; *p* = 0.002; Spring: *W* = 64.5; *p* = 0.01) and at 2- and 4-year private institutions (Fall: *W* = 228; *p* \< 0.001; Spring: *W* = 45; *p* = 0.001). However, there was no significant difference between the distribution of the numbers of online and hybrid courses offered at 4-year public and 4-year private institutions (Fall: *W* = 155.5; *p* = 0.226; Spring: *W* = 106; *p* = 0.35). Similarly, I found significant differences between the distributions of the percentages of online and hybrid courses offered at the three types of institutions surveyed (Fall: Kruskal-Wallis χ^2^ = 21.91; *df* = 2; *p* \< 0.001; Spring: Kruskal-Wallis χ^2^ = 15.93; *df* = 2; *p* \< 0.001). In the Fall and Spring, 43 ± 8.08% and 29.01 ± 6.22%, respectively, of the courses offered at 2-year institutions were offered in an online or hybrid format. These distributions were significantly different from the distributions of percentages of online and hybrid courses offered at 4-year public (Fall: *W* = 222; *p* \< 0.001; Spring: *W* = 46.5; *p* = 0.002) and 4-year private institutions (Fall: *W* = 233; *p* \< 0.001; Spring: *W* = 38; *p* \<0.001), which only offered an average of 5.69 ± 1.88% and 2.78 ± 0.97%, respectively, of their courses online over the academic year ([Figure 3](#F3){ref-type="fig"}). There was no significant difference between the distributions of the percentage of courses offered at 4-year public and private institutions in the Fall (*W* = 152; *p* = 0.296) or Spring (*W* = 119; *p* = 0.71).
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My results comparing the percent of sections offered online or hybrid give an indication of how the availability of online options differ at the types of academic institutions surveyed. I found significant differences between the distributions of percentages of sections that were offered online and hybrid at the three types of institutions surveyed in the Fall (Kruskal-Wallis χ^2^ = 19.861; *df* = 2; *p* \< 0.001) and Spring (Kruskal-Wallis χ^2^ = 10.57; *df* = 2; *p* = 0.005). In the Fall, only 3.35 ± 1.48% and 1.37 ± 0.81% of the sections offered at 4-year public and private institutions were online or hybrid, and the distributions did not differ significantly (*W* = 152; *p* = 0.296; [Figure 3](#F3){ref-type="fig"}), with similar results in the Spring (*W* = 118.5; *p* = 0.70). However, over the academic year, 16.32 ± 2.91% of sections were offered as online or hybrid at 2-year institutions, and the distribution of data differed significantly from that of 4-year public (Fall: *W* = 216; *p* \< 0.001; Spring: *W* = 61; *p* = 0.01) and private institutions (Fall: *W* = 229; *p* \< 0.001; Spring: *W* = 55.5; *p* = 0.005).

There was no significant variation in the online biology offerings in Fall 2015 and Spring 2016. Specifically, I found no differences in the distribution of the number of courses, percent of courses, and percent of sections offered online and hybrid by 2-year institutions (*W* = 150.5; *p* = 0.40; *W* = 161.5; *p* = 0.21; and *W* = 167; *p* = 0.15, respectively), 4-year public institutions (*W =* 129; *p* = 0.98; *W* = 129.5; *p* = 0.97; and *W* = 124.5; *p* = 0.90, respectively), and 4-year private institutions (*W* = 119.5; *p* = 0.70; *W* = 114.5; *p* = 0.54; and *W* = 119; *p* = 0.67, respectively) in the Fall of 2015 versus the Spring of 2016. This indicates consistency in biology online offerings across the academic year.

To determine which kinds of biology courses are being offered online in an academic year, I examined the 149 online and hybrid courses offered in the Fall 2015 and Spring of 2016 in my random sample. A larger percentage of the courses in my sample were offered in a fully online format, 59.06%, compared with 40.94% that were only offered as hybrid courses ([Figure 4](#F4){ref-type="fig"}). While 22.82% of the courses surveyed served the institution's biology majors, 77.18% were not part of the biology major and are therefore referred to as nonmajors courses ([Figure 4](#F4){ref-type="fig"}). More than 35% of the courses I surveyed were healthcare-related courses, and more than 90% of these were nonmajors courses. A high percentage of the hybrid and online courses surveyed were laboratory courses, 68.46%, while the remaining 31.54% did not include a laboratory.

![Percent of online biology courses offered over the 2015--2016 academic year (Fall and Spring semesters or Fall, Winter, and Spring quarters) by modality (hybrid vs. fully online), laboratory status (present vs. absent), and intended audience (biology majors vs. nonmajors).](ar58fig4){#F4}

Finally, I quantified all three of the course attributes noted above: whether the course was fully online or hybrid; laboratory or nonlaboratory; and intended for biology majors or nonmajors. The three largest categories of courses were all intended for nonmajors. These include fully online laboratory courses and hybrid laboratory courses, which were each 26.17% of my sample, followed by fully online nonlaboratory courses, which were 23.49% of my sample. Hybrid, laboratory courses for majors were 12.08% of the courses surveyed over the academic year, and they were nearly three times more common than fully online courses with laboratories for majors, which were 4.08% of my sample. Fully online, nonlaboratory courses for majors were slightly more common, 5.37%, than the fully online laboratory courses for majors. There were few hybrid, nonlaboratory courses for biology majors (1.34%) and nonmajors (1.34%) in my sample ([Figure 4](#F4){ref-type="fig"}).

DISCUSSION
==========

Institution Size and Online Biology Offerings
---------------------------------------------

Despite strong positive relationships between the size of an institution and the total numbers of biology courses and sections offered, indicating that larger institutions are serving more students with more courses and sections, I found no evidence of positive relationships between the size of an institution and the diversity and availability of its online offerings in biology. These findings differ from what others have found about online offerings and institution size in general. Typically, there is a positive relationship between institutional size and the likelihood of offering at least one online course in any discipline ([@B48]). This pattern has been attributed to resource discrepancies ([@B4]), with large institutions having more resources to provide and support online courses than small institutions.

This pattern may not hold true for biology courses, because other obstacles are preventing biology departments from moving forward with online courses. Faculty resistance to teaching online is a commonly cited obstacle. Faculty report resistance to teaching online for a variety of reasons, including their perceptions that teaching online is more work than teaching face-to-face courses ([@B10]; [@B12]; [@B59]) and their lack of technological expertise ([@B10]; [@B13]; [@B30]). Biology faculty may be particularly resistant to developing online laboratory courses, because such courses require testing a new suite of laboratory activities and related technologies that would further increase the initial workload. Additionally, it is possible that online laboratories may cause administrators to fear liability issues, thus prompting institutions to direct their efforts toward pursuing online courses in other disciplines.

The random variation in online offerings relative to institution size may also indicate that biology departments have different motivations for offering online courses than other departments. Insufficient classroom space has compelled some institutions to pursue online offerings ([@B26]; [@B50]; [@B16]). This factor may play a larger role in the decision to offer science courses online, because laboratory classrooms have more specialized safety and equipment requirements ([@B45]), making them less interchangeable with other spaces. Additionally, laboratory classrooms are more costly to build and maintain ([@B45]). When classroom shortages are limiting enrollment growth, the addition of other kinds of classrooms is likely more efficient. Furthermore, traditional laboratory sections are expensive to run, and institutions can cut costs by offering laboratories online ([@B51]). Thus, laboratory space and limiting course budgets may be motivating biology departments with fewer resources to offer courses online, thereby obscuring the expected positive relationship between the size of the institution and availability of online offerings. This could mean many biology faculty are teaching online without adequate technological support and training. This is a common complaint among online instructors ([@B10]; [@B59]) that could hinder online course and program success ([@B66]).

Institution Type and Online Biology Offerings
---------------------------------------------

I found significantly higher availability and diversity of online courses in biology at 2-year public compared with 4-year public and private institutions ([Figures 2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}). There was, however, no difference between the availability and diversity of biology online offerings at 4-year public and 4-year private institutions. These findings differ from [@B5] findings, which showed that, while only 65% of 4-year private colleges have any online offerings, more than 90% of 4-year public and 2-year public colleges offer online offerings. Surprisingly, given the reduced involvement of STEM students in online education, I found the percentage of 2-year public colleges offering online courses in biology was similar to the percentage of 2-year public colleges with at least one online course offering in general ([@B5]). I found, however, that ∼50% fewer 4-year public and 35% fewer 4-year private institutions offer online biology courses compared with the percentages of those types of colleges with online courses in general.

The large amount of online biology course diversity and availability at 2-year public colleges is likely a response to high demand from students. Two-year public colleges have five times the number of students age 24 and older than 4-year colleges do ([@B1]). Older students, ages 35--55, are known to prefer online learning ([@B20]). Two-year public college students are also more likely to come from low-income families, have dependent children, and declare themselves financially independent for financial aid purposes. Thus, 79% of 2-year public college students work an average of 32 hours per week while enrolled, and 41% work full-time ([@B25]). The flexibility of asynchronous learning in an online format appeals to students who also face the demands of raising children and/or working. Furthermore, 2-year public college students are less likely to be enrolled full-time ([@B25]) and in residence on campus. Thus, the online format may save them time and money associated with commuting.

Sixty-four percent of the 4-year institutions I sampled had no online biology offerings. The reduced number of biology online offerings at 4-year institutions is aligned with other reports of fewer offerings in the sciences compared with other disciplines ([@B2]; [@B52]). Nonetheless, it indicates a possible barrier for students preferring or requiring online education who are pursuing bachelor's degrees at American colleges and universities.

I failed to find any significant differences between the diversity and extent of online biology offerings at 2-year public, 4-year public, and 4-year private institutions in Fall of 2015 versus Spring of 2016, indicating consistency in online biology options over the academic year. It is possible, however, that institutions offer more online courses in the Summer term to serve their students who are only in residence on campus in the Fall and Spring; I discovered several 4-year private institutions that only offer online courses in the Summer term, although none of the courses were biology courses. The lack of data about Summer offerings is a limitation of this research.

Types of Courses
----------------

I found more online biology courses for nonmajors ([Figure 4](#F4){ref-type="fig"}). Compared with developing an online biology program for majors, offering one or two nonmajors courses requires fewer resources. Furthermore, because of added convenience and flexibility, online nonmajors courses may better compete with courses from other science departments for general education students. A comparison of the supply of online biology general education offerings to those of other science disciplines remains a research gap.

The high number of nonmajors courses may also relate to faculty members' commonly held perception of the reduced quality of online courses ([@B10]; [@B13]; [@B59]). This perception, which is more common among faculty and administrators with little experience in online education ([@B59]; [@B3]), exists despite strong evidence to the contrary, including the results of two large meta-analyses that reviewed 51 ([@B38]) and 125 studies ([@B60]). These studies compared outcomes in face-to-face versus hybrid or online courses and found that, on average, student performance was better in online or hybrid compared with face-to-face courses. Evidence also indicates that online course quality has improved through time ([@B60]; [@B15]), likely as a result of the adoption of effective online teaching practices and improved technology. This disjunction between documented perceptions of online course quality and the related scientific research highlights the need for more faculty training and professional development in online education. Yet because general education biology courses are not laying a foundation of discipline-specific knowledge and skills for future biologists, biology faculty who still question the quality of online courses may be more comfortable if online courses are for general education students.

Additionally, a large portion of the online biology nonmajors courses in my survey were courses that serve students completing healthcare program prerequisites or degree requirements indicating that these students have more online options than other populations. This finding also helps explain the higher proportion of courses for nonmajors in my sample and is aligned with high interest in online learning among students pursuing postsecondary degrees in healthcare-related fields ([@B20]). Furthermore, since nearly 90% of the online healthcare-related courses in my sample were offered at 2-year public colleges, the high number of health-care related courses also helps explain the high number of online offerings in biology at 2-year public institutions. In 2012--2013, 21% of all associate's degrees awarded in the United States were healthcare and related degrees; the number of students earning these degrees was 50 times higher than the number of students earning degrees in biology ([@B43]). Thus, students pursuing these degrees make up a large portion of biology enrollments at 2-year colleges, and the faculty and administrators at these institutions seem to be responding to their desire to complete their courses online.

I found equal proportions of online and hybrid laboratory courses offered for nonmajors, but the proportion of fully online laboratory courses compared with hybrid laboratory courses was not quite one-third for biology majors ([Figure 4](#F4){ref-type="fig"}). This may indicate that some biology departments are hesitant to offer fully online laboratory courses for biology majors despite evidence of high demand for fully online laboratory science courses from science majors ([@B29]), further demonstrating limited online course opportunities for biology majors. Online laboratories may be offered more frequently for nonmajors, because instructors are more willing to use online or at-home hands-on activities in nonmajors courses. In some cases, these activities could have added benefits for nonmajors. For example, kitchen laboratories may help nonmajors students find relevance in the content ([@B55]). On the other hand, online laboratory courses could pose transferability issues that would be heightened for biology majors due to the number of laboratory science courses they must complete. When transferring in courses, some institutions will not count laboratory courses lacking traditional, face-to-face laboratories as equivalent to their face-to-face courses ([@B14]). Although this issue may be resolved in time as online laboratory courses become more common, transferability of laboratory courses is currently a serious concern that online science course instructors, counselors, and potential students should carefully consider.

Additionally, some authors believe that simulated or at-home alternatives to the traditional laboratories are not sophisticated enough to train future scientists ([@B35]). Thus, reduced numbers of fully online laboratory courses for biology majors may also reflect fears about the quality of online laboratory courses. However, a growing body of evidence to the contrary should alleviate these concerns. For example, those studying learning outcomes in face-to-face versus online biology laboratory activities have found that online students can achieve similar learning outcomes ([@B28]; [@B23]; [@B34]). Even more convincing, a recent meta-analysis reported that 89% of studies comparing learning outcomes in traditional versus virtual and/or remote laboratories found equal learning outcomes, while 65% reported higher learning outcomes in nontraditional laboratories ([@B15]). Other researchers have documented additional educational benefits of online laboratory science courses, including 1) higher final course grades ([@B55]; [@B35]); 2) deeper learning, because students are forced to work independently through issues they encounter doing laboratory activities at home ([@B27]); and 3) the ability to transcend time and space limitations imposed by traditional laboratories ([@B19]). Carefully designed online laboratory courses can be effective, and instructors interested in developing an online laboratory course have many successful models to reference (e.g., [@B55]; [@B39]; [@B56]; [@B16]; [@B9]). Thus, online laboratory courses should be considered, even for biology majors.

Hybrid courses, which were more commonly offered to biology majors than fully online laboratory courses, require students to complete face-to-face laboratories and are a suitable compromise in some cases. Some departments have tried to make hybrid science courses more convenient for their students by limiting laboratory time to a small number of extended laboratory periods that often meet on weekends ([@B35]; [@B27]; [@B14]). This arrangement makes completing laboratory courses possible for many students who are place-bound, working, and/or balancing education with family life. However, concentrating laboratory time can mean laboratory topics are not synced with the rest of the course, and extended laboratory periods may be exhausting for students ([@B27]). This may limit their effectiveness, although a comparison of this specific style of hybrid laboratory course with others has not been documented. Furthermore, even with a reduced number of face-to-face meetings, some students will still be unable to attend. Thus, hybrid courses with face-to-face laboratories can be useful to some but not all students.

Finally, I was surprised to find such a small number of nonlaboratory courses offered in the hybrid form, despite evidence that blending online and face-to-face instruction can be beneficial. Advantages of hybrid courses include higher learning outcomes ([@B17]; [@B63]; [@B38]) and lower withdrawal rates than fully online courses ([@B17]). Additionally, student demand for hybrid courses is high ([@B17]), and many attribute this to their desire for face-to-face interaction and more flexible scheduling ([@B63]). Faculty who teach hybrid courses report having enhanced student--teacher interactions ([@B57]) and improved student engagement in the learning process ([@B63]). Studies focused specifically on comparing course outcomes in hybrid versus face-to-face science courses have found that 1) online assignments in hybrid courses are equivalent to or more effective than passive lectures ([@B57]); 2) video lectures can be as effective at teaching complicated concepts as face-to-face lectures ([@B33]); 3) participation and attendance can be higher in hybrid courses ([@B58]); and 4) learning outcomes can be higher than or equal to those in face-to-face courses ([@B57]; [@B64]). Hybrid courses can have institutional benefits as well. In addition to reducing institutional operating costs ([@B17]), hybrid courses have been described as an effective and low-risk strategy that positions institutions for future technological developments ([@B21]. Thus, institutions, faculty, and students have much to gain by increasing offerings of hybrid biology courses.

CONCLUSIONS
===========

This research has described the current landscape of online offerings in biology. This baseline illustrates that, while some populations, including nonmajors completing prerequisites for healthcare-related programs or completing their science general education requirements at 2-year public colleges, are well served by the current online offerings, others are not. Online options at 4-year institutions were limited, and students majoring in biology had few online course options, especially online laboratory courses, at all types of institutions studied. Addressing these deficiencies would create more opportunities for students requiring or preferring online education to study biology while possibly promoting student diversity and boosting departmental enrollment. This research also identifies some potential barriers that are limiting the online offerings in biology.

The following recommendations are for biology departments with few or no online offerings and are intended to help overcome barriers and increase student access to online learning opportunities in biology: Provide faculty with professional development training focused on successful course redesign models (e.g., [@B62]), best practices in online instruction (e.g., [@B47]; [@B18]; [@B11]; [@B37]), and related technologies.Develop incentives and other institutional mechanisms of support for faculty teaching online that can help alleviate the initially high workload involved with course development.Offer at least one general education hybrid or fully online course. This would give more students at the institution an opportunity to learn about biology and may boost departmental enrollment.Offer healthcare professional-degree prerequisite courses online, as these courses seem to be in particularly high demand from students.Develop online course opportunities for biology majors. Course transferability issues could be minimized by selecting the hybrid format for laboratory courses or by developing fully online nonlaboratory courses for majors.

Increasing online offerings in biology can make biology content accessible to more students while benefiting biology departments and institutions. At a time when we need to be increasing science literacy and training more scientists, online biology education is crucial.

I thank College of the Siskiyous for providing sabbatical leave allowing me to conduct this and other research about online education. Additionally, the manuscript was greatly improved by feedback from D. Clarke, W. Hirt, S. Lishawa, M. White, and two anonymous reviewers.
